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(57) Abstract 

A novel synthesis of N-acryloyl-tris-(hydroxymethyl)aminomethane (NAT) is described. The polymerization kinet- 
ics and transparency of the poly(NAT) gels crosslinked by a crosslinker (CL) e.g. N,N'-methylenebisacrylamide (Bis), i.e. 
poIy(NAT + Bis) polymer, are shown. PoIy(NAT + Bis) gradient (4-24 %) gels were prepared and found to resolve native 
proteins according to their size. The exclusion limit of these gels is over 3 x 10 6 Da. This is more than threefold higher than 
the exclusion limit of the polyacrylamide gradient gel of the same concentration. Therefore poly(NAT + CL) gels are bet- 
ter than polyacrylamide gels for the resolution of large proteins. It was demonstrated that poly(NAT + CL)-polyacryla- 
mide composite gels could be prepared. The poIy(NAT + CL) gels were found to be advantageous also for isoelectric fo- 
cussing in carrier ampholytes or immobilized pH gradients. Poly(NAT + CL) gels are also very good for separation of 
nucleic acids. The resolution is particularly good in the range between several hundred to 4-5000 base pairs. Under the opt- 
imized conditions, DNA molecules of more than 20 kbases can be perfectly resolved. 
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Title: Polymers, and their use as gels for 
Electrophoresis 

Field of invention 

This invention concerns polymers, and their use. as gels 
for electrophoresis. 

Background to the invention- 

Electrophoresis is a technique in which molecules or other 
units move along a support medium under the influence of 
an electric field. Because different kinds of molecules 
and units behave differently, with migration rates 
depending on charge and frictional resistance, the 
technique is widely used for separation purposes. 
Commonly the support medium is a gel, and is used as in 
the form of a flat sheet; the mixture to be separated is 
placed at one end of the sheet; and a suitable electric 
field is applied along the sheet (from one end to the 
other) causing differential migration of the molecules or 
units in the mixture, resulting in separation. 

Electrophoresis may be applied for many purposes, and is 
typically used for the separation of mixtures of bio- 
molecules, that is molecules found in living organisms. 
These are typified by cell proteins and nucleic acids eg 
DNA (deoxyribonucleic acid) and fragments or denatured 
versions thereof, as well as many polysaccharides, 
polyphosphates, and proteoglycans. 
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It is naturally important that the gel itself should not 
be affected by the electric field. 

The roost widely used anticonvect ive media for 
electrophoretic separations of bio-molecules are based on 
acrylamide polymers or agarose- Both of these are 
hydrophilic relatively stable polymers carrying 
practically no charge (polyacrylamide ) or only a small 
number of charged groups (agarose) (see reference 1). 

The known acrylamide polymer gels are acrylamide 
crosslinked by N,N' -methy lenebi sacrylamide (Bis). They 
are referred to hereinafter as poly (acrylamide- + Bis), and 
are excellent for the separation of molecules with 
molecular masses from 2 to 5 up to 1000 kDa, whether under 
denaturing or nondenaturing conditions (see references 2- 
4). Larger molecules or multimolecular complexes, 
however, cannot be satisfactorily resolved, due to the 
pronounced sieving effect of the poly (acrylamide + Bis) 
gels even of the lowest workable concentration 
(approximately 3%) On the other hand, the more porous 
agarose gels are not suitable in some applications (see 
references 5, 6), mostly because endo-osmosis, caused by 
the residual charged groups in the matrix, impairs 
resolution • 

There have been numerous attempts to produce more porous 
polyacrylamide gels by increasing the concentration of Bis 
above 5% (references 7, 8) or by using a new cross-linker 
(reference 9). Moreover, composite polyacrylamide-agarose 
gels have also been tested as media for electrophoresis 
(references 10-12). 

In addition to electrophoretic analysis of large bio- 
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molecules, highly porous matrices would be beneficial for 
other elect rophoretic techniques where the extensive 
sieving of poly (aery lamide + Bis) gels represents a 
drawback. These include isoelectric focussing (IEF) in 
carrier ampholytes or in immobilised pH gradients (IPG) 
(reference 13), as well as in titration curves (reference 
5). Furthermore, nonsieving media are required for 
stacking gels in multiphasic zone electrophoresis 
(references 14-17) . 

The present invention aims to provide novel' polymers for 
use as gels suitable for use in electrophoresis. 

Summary of the invention 

According to one aspect of the invention, there is 
provided a polymer comprising N-acryloyl- 
tris(hydroxymethyl)aminomethane (NAT) crosslinked by a 
cross linker (CL) containing two or more double bonds. 
This polymer may for convenience be referred to as 
poly (NAT + CL) . 

Although crosslinkers such as N, N'-(l,2- 
dihydroxyethy lene )bi sacry lamide , N, N 1 -bi s- 
acrylylcystamine, and ethylene diacrylate, may be 
employed, the preferred cross-linker comprises N,N'- 
methylenebisacrylamide (Bis). In that event, the polymer 
may conveniently be referred to as poly(NAT + Bis). 

The poly(NAT + CL) of the invention may be prepared in 
essence simply by reacting NAT with the cross-linker. NAT 
and Bis possess acrylic-type double bonds, and it is well 
known that polymerisation of acrylic monomers can be 
effected in various ways, eg by heat, gamma radiation, 
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reaction with free radicals, etc. Depending on 
polymerisation conditions, such as concentrations of NAT 
and CL, temperature, various solvents and initiators, the 
cross-linked polymers formed may be gel-like or may have 
properties different from those of a gel. 

The formed poly(NAT + CL) can be obtained in a range of 
physical states. One state of particular interest is as a 
gel, that is, a solid dispersion of water in the polymer. 
These gels are of great value as a support medium for 
electrophoresis. 

In a further aspect, therefore, the invention provides a 
gel for use in electrophoresis comprising poly(NAT + CL) . 

The cross linker CL is preferably Bis. 

The gel desirably comprises between 4 and 24% (T) poly 
(NAT + CL), of which 5% (C) or less is Bis, because such 
gels are more transparent. 

The gel concentration (T) and the amount of cross linker 
(C) are defined as follows. Total gel concentration (T) 
is the sum of monomer and the cross-linker weights (that 
is to say, the total solids making up the polymer), 
expressed in grams per 100 ml of solution* Concentration 
of the cross-linker (C) is given as the percentage weight 
of the cross-linker in relation to the sum of the monomer 
and cross-linker weights. Thus, for example, 5% T, 3% C 
would contain 4.850 g of NAT and' 0.150 g of CL in 100 ml 
of solution. In gels with small C, the difference between 
monomer concentration and T is very small, and it is 
sometimes neglected. in discussion. 
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The gel may be homogenous (ie with uniform T throughout)/ 
or it may be in the form of a gradient gel, eg having a 
poly(NAT + CL) content ranging from 4% to 24% (T) along 
the length of a sheet of the gel. 

The gel may also be mixed with a further polymeric 
material such as polyacrylamide or agarose or it may 
incorporate an additional monomer. Such a composite gel 
is conveniently in the form of a gradient gel, having a 
composition at one end of 4% (T) that is solely poly(NAT + 
CL) and at the other end of 24% (T) that is solely 
poly(acrylamide+CL) . Such a gel may advantageously be 
prepared by co-polymerising the NAT with the further gel 
material eg acrylamide and the cross linker. 

Gels in accordance with the invention are found to perform 
well as a medium for electrophoretic separation and 
isoelectric focussing. The 4 to 24% poly(NAT + CL) 
gradient gels resolve native proteins according to size. 
The exclusion limit of these gradient gels was found to be 
over 3 x 10 Da, which is more than three times the 
exclusion limit of polyacrylamide gradient gels of the 
same concentration. Thus such poly (NAT + CL) gels are 
better than comparable polyacrylamide gels for the 
resolution of large native proteins. Results also show 
that the poly (NAT + CL)-Bis gels can advantageously be 
used in applications where the extensive sieving by a 
polyacrylamide matrix is not desirable. 

Poly (NAT + CL) gels are also very good fqr the separation 
of nucleic acids. The resolution is particularly good for 
acids with between one or two hundred and 4000 to 5000 
base pairs. Under optimised conditions, DNA molecules of 
more than 20k bases can be perfectly resolved (reference 
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28) . 

The term "nucleic acids" as used herein is intended to 
include both small and large molecules (oligonucleotides 
and polynucleotides) and fragments thereof. One of the 
most interesting applications of poly(NAT + CL) gels might 
be for analysis of DNA sequences. The sizes of DNA 
fragments which need to be resolved are in the range, from 
a few tens to a few hundreds of nucleotides, which is well 
within the optimal separation range of poly(NAT + Bis) 
gels (reference 28). 

In addition, poly (NAT + CL) gels have excellent drying and 
swelling properties: ie, they do not crack upon drying , 
and on re-wetting they swell to the original size in a 
short time. 

In a further aspect the present invention also provides a 
method of electrophoresis, in which the electrophoresis is 
effected using as the support medium a poly (NAT + CL) gel 
in accordance with the invention. 

The method of the invention can be used for resolving a 
wide range of materials including native proteins, 
denatured proteins, nucleic acids, denatured nucleic 
acids, other molecules having intrinsic charged groups (eg 
polysaccharides, polyphosphates, proteogly canes, synthetic 
polymers etc), and molecules with charges formed by 
derivatization of uncharged molecules. 

Electrophoresis can be performed with or without 
discontinuities in time or electric field, on a homogenous 
gel with continuous or discontinuous buffer systems or in 
a gradient gel. 
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The invention can also be applied to isoelectric 
focussing, in a pH gradient formed by carrier ampholytes 
or in an immobilised pH gradient. 

The N-acryloyl-tris(hydroxymethyl)aminomethane, or NAT, 
used to make the poly (NAT + CL) of the invention is a 
known compound, and can be prepared in any one of the 
known ways, eg by the reaction of acryloyl chloride with 
tris(hydroxymethyl)aminomethane. We have found however, 
that careful control of the reaction and the subsequent 
separation and purification of the final product gives a 
better quality NAT. 

In yet a further aspect, therefore, the invention provides 
a process for the preparation of N-acryloyl- 
tris(hydroxymethyl)aminome thane (NAT) by the reaction of 
acryloyl chloride with tris(hydroxymethyl)aminomethane 
(Tris), in which the reaction is effected in the presence 
of a strong base and in a two phase aqueous organic 
solvent medium to give a desired NAT product in the 
aqueous phase, and this phase is isolated, purified by an 
ioh-exchange method using a mixture of strong cationic and 
weak anionic ion exchange resins, and evaporated at 
atmospheric pressure to give the desired NAT. 

The strong base is preferably an alkali metal hydroxide, 
typically potassium hydroxide, and the reaction is 
conveniently effected at a pH of from 8 to 9 . Moreover, 
advantageously the reaction is carried out with cooling, 
to at or near 0°C, and in the presence of a polymerisation 
inhibitor such as sodium nitrite. 

The aqueous organic two phase medium is preferably an 
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aqueous halocarbon, typically aqueous dich lor ome thane. 

The isolated aqueous phase, containing the prepared NAT, 
is advantageously purified using a mixture of a strong 
cationic ion-exchange resin (IR-120, H form) and a weak 
anionic ion-exchange resin (IRA-68, free base form). 

The invention also extends the N-acryloyl- 

tris (hydroxy methyl) ami nome thane, whenever prepared by the 

above defined process. 

The invention will further be described, by way of 
illustration, by reference to the accompanying drawings in 
which: 

Figure 1 is a graph illustrating polymerisation kinetics 
of monomers comprising 5% by wt (0.7M) acrylamide (A) and 
12.5% by wt (0.7M) NAT (B); 

Figure 2 illustrates the transparency of poly (MAT + Bis) 
gels at various total monomer (T) and crosslinker (C) 
concentrations ; 

Figure 3 shows the result of electrophoresis of Pharmacia 
high molecular weight standard proteins in a 
polyacrylamide gradient (4 to 24% T, 2.6%C) gel; 

Figure 4 is similar to Figure 3, using a poly(NAT + Bis) 
gradient gel (4 to 24% T, 2.6% C) ; 

Figure 5 is similar to Figures 3 and 4, using a gradient 
gel starting with 4% (T) NAT and ending with 24% (T.) 
acrylamide, with an equal concentration (2.6% C) of Bis in 
both monomer solutions, 
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Figure 6 is a graph of Log molecular weight against 
migration distance (in mm) after 1200 Vh of proteins in 
the three gels used in Figures 3, 4 and 5, where A = 
polyacrylamide, B = poly(NAT + Bis)and C = composite 
poly (NAT + Bis) polyacrylamide gradient gel; and 

Figure 7 shows the result of isoelectric focussing of 
Pharmacia broad pH range standard proteins in a poly (NAT + 
Bis) gel (6% T, 3% C). 

Synthesis of NAT 

The Tris, acryloyl chloride, and other chemicals for 
synthesis were from Fluka. 

Tris (60.5 g, 0.5 mol) was dissolved in 120 ml of water. 
Into this solution 3 g K 2 C0 3 and 3.5 g of NaNO^ 
(polymerization inhibitor) were added, and the solution 
was cooled in an ice bath. Approximately 100 ml of 
dichloromethane was poured in and the mixture was 
vigorously stirred with a magnetic stirrer in a fume 
cupboard . 

KOH (40 g) was dissolved in 50 ml of water and cooled. 
Freshly distilled acryloyl chloride (50 g, 0.55 mol) was 
mixed with 50 ml of dichloromethane. Approximately one 
third of this solution was added in portions to the 
stirred suspension within 15 min, followed by the 
alternate additions (in 1- to 2-ml aliquots) of potassium 
hydroxide and acryloyl chloride solutions. The pH was 
monitored by a narrow-range pH paper, and kept between 8 
and 9, After all of the acryloyl chloride had been added, 
the suspension was vigorously stirred for half an hour in 
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The phases were then separated and the lower, organic 
phase was discarded. Four volumes o£ absolute ethanol 
were added to the water phase while cooling in the ice 
bath. The precipitated salts were removed by filtration. 
Portions of a strong cationic ion exchanger (-IR-120, H + 
form) and of a weak anionic exchanger (IRA-68, free base) 
were added to . the stirred filtrate until the reaction for 
chloride was negative. The mixed ion exchangers were 
removed and washed on a funnel or in a wide column. . The 
combined washings and the filtrate were poured into 
crystallisation dishes (30 x 18 cm), and left in the fume 
cupboard. The solvents evaporated within 3-5 days. The 
crystals were collected on the sinter funnel, and washed 
with cold ethanol. The yield was 48g or 55% and the 
crystals were stored at +4°C. 

If the formed NAT needs to be stored for long periods, 
small amounts (0,01-0.1%, w/w) of £-methoxy phenol should 
be added to the NAT solution after treatment with the 
mixed ion exchangers. In preparations without £-methoxy 
phenol, it is noticeable that much more insoluble polymers 
occur after one year than in the preparations with this 
added polymerisation inhibitor. . 

Although NAT thus obtained is sufficiently pure for most 
applications, further purification, if necessary, can be 
achieved by recrys tallization from acetonitrile (reference 
18). 

NAT tends to polymerize spontaneously during the synthesis 
and workup when polymerization inhibitors are not present 
or the temperature rises above 40-50°C. Even in the 
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presence of an inhibitor (£-methoxyphenol ) and low 
temperatures (30-35°C), various amounts of insoluble 
polymers were always present when evaporation of the 
desalted solution was done on a rotary evaporator. These 
polymers could *>e removed by filtration, but it was better 
when water evaporated from the crystallization dishes (see 
above) since the quantity of the insoluble polymers formed 
was then negligible. The inhibitor (£-me thoxyphenol ) must 
be added before crystallization is attempted from 
acetonitrile. Precipitation of salts by ethanol could be 
omitted, but much larger quantities of the ion exchangers 
are then needed and the yield is decreased. Substitution 
of the strong anionic ion exchanger (IRA-400, hydroxide 
form) for the weak one (IRA-68) also lowered the yield. 
The mixed ion exchangers can be easily recovered from the 
saturated sodium chloride solution for regeneration and 
reuse . 

Polymerisation of NAT + CL (Bis) 



NAT and Bis possess acylic-type double bonds, and it is 
well known that polymerisation of acrylic monomers can be 
effected in various ways, eg by heat, gamma radiation, 
reaction with free radicals, etc. Depending on 
polymerisation conditions, such as concentrations of NAT 
and CL, temperature, various solvents and initiators, the 
cross-linked polymers formed may be gel-like or may have 
properties different from those of a gel. 

Production of Gels for electrophoresis 

All materials for electrophoresis were from Bio-Rad. 
Electrophoresis was performed in a Pharmacia 
electrophoresis apparatus . 



WO 88/09981 



PCT/EP88/00515 



- 12 - 



Gradient gels (4-24% T. 2.6% C) were prepared in cassettes 
(80x80x0.7 mm) in a V-shaped casting apparatus according 
to instructions in the Pharmacia Polyacrylamide Gel 
Electrophoresis Manual. 

To prepare four poly (NAT + Bis) gels, the following 
solutions were made. NAT (3.506 g) and Bis (0.094 g) were 
dissolved in 15ml of 0.1 M Tris-JHCl, pH 9 under slight 
heating, if necessary. (NAT dissolves better in pure 
water than in Tris buffers, and sometimes it is 
preferential to dissolve it first in water and then dilute 
to the desired concentration with a concentrated Tris 
buffer.) Next, 3.5 ml of this (24%) solution were diluted 
with the Tris buffer to 21 ml, to make the 4% solution. 
These solutions, as well as the casting apparatus with 
cassettes, were cooled to around +4°C (in a cold room: 
NAT tends to crystallise from the cold 24%' solution, and 
therefore the cooled solution should be used quickly). A 
volume of 0.058 ml of N,N,N' ,N' -tetramethy le thy lenedi amine 
(TEMED, the catalyst) and 0.770 ml of ammonium persulfate 
(the initiator) solution (15 mg/ml of water) were added to 
21 ml of the 4& (NAT + Bis) solution. After brief mixing, 
10 ml of this solution was immediately pumped into the 
casting apparatus. Then, 11 ml of the same solution was. 
placed in one chamber of the gradient mixer (purchased 
from Kontron), and the stirrer was inserted. To the 24% 
solution, 0.017 ml of TEMED and 0.290 ml of ammonium 
persulfate (15 mg/ml) were added, mixed, and 11 ml of this 
solution was placed in another chamber of the gradient 
mixer. The stirrer and the pump (Gilson, minipuls) were 
started, and a tube between the two chambers was opened. 
After the contents of both chambers had been pumped in the 
casting apparatus, 40% (w/v) sucrose solution (in the Tris 
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buffer) was placed in the first chamber and pumped in the 
casting apparatus to displace the gradient into the 
cassettes. The pumping was stopped when the sucrose front 
reached the bottom of the cassettes. Then, the tubing 
between the casting apparatus and the pump was closed with 
a clamp, released from the pump and .fixed to the casting 
apparatus in such a way that its open end remained above 
the level of the (NAT + Bis) solution in the casting 
apparatus. The casting apparatus was then carefully taken 
out of the cold room, the clamp opened (disturbances in 
the gradient were occasionally observed when the system 
was not opened during polymerisation) and the gel left 
undisturbed to polymerise for at least 2 hours or 
preferentially longer (overnight). Poly(NAT + Bis) gels 
should not be stored refrigerated (at +4°C), as such gels 
do not adhere well to the glass plates. 

Gels for isoelectric focussing (120x80x1 mm), composed of 
NAT and Bis (T=6%, 03%) were cast by capillarity. 
Freshly made monomer solutions were usually treated with 
mixed ion exchangers, and filtered through a 0.45-um 
membrane filter. The combination of a strong cationic 
(Dowex 50, H + ) and a weak anionic (IRA 68, free base) 
exchanger packed (each in three segments) in the Pharmacia 
PD-10 column was found superior to the AG 501X8 (D) mixed 
ion exchangers (Bio-Rad). For 10ml solution NAT and Bis 
in water, 0.020 ml of TEMED and 0.250 ml of ammonium 
persulphate (15 mg/ml) were used. 

Gels were polymerized on the plastic sheet (Gel Bond) and 
the glass plate used was made hydrophobic by silanization 
in order to facilitate its removal after polymerization. 

The gel fixed to the plastic sheet was weighed and washed 
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with distilled water (twice for 15 min). It was then 
dried by standing overnight at room temperature (at this 
stage it can be stored at +4°C for at least 1 week) and 
weighed again. Ampholines (final concentration 2% by wt ) 
were then mixed with the volume (ml) of water equal to the 
lost weight (g), and introduced above the gel in the same 
manner as used when it was cast. Swelling of the gel was 
usually completed in 2 hours and it could immediately be 
used for isoelectric focussing ( I EF.) . 

Polymerisation Kinetics and gel testing 

The polymerization kinetics of the NAT and acrylamide 
monomer solutions of the same molar concentration were 
analysed by monitoring the decrease of absorbancy in the 
near UV (reference 19), which is proportional to the 
disappearance of acrylic double bonds. 

Tests were carried out by adding to a 1-ml solution of the 
monomers in 0.1 M Tris-HCI buffer, pH 9.0, in a quartz 
cuvette, TEMED (6ul, 25%) and ammonium persulphate (35 ul, 
15 mg/ml). The solution was quickly mixed and overlid 
with diisopropylether . The wavelengths giving starting 
absorbancy of 1.8 against the buffer were selected. The 
results are shown in Figure 1. 

Under the conditions applied, polymerisation is 
characterised by an incubation period lasting 2-5 min, 
followed by the rapid conversion of monomers into the 
growing polymer chains. Most of the acrylamide (Fig 1A) 
and all of the NAT (Fig IB) are polymerised within 10 min. 
The conversion yield,, estimated from the ratio of 
absorbancy at the beginning and at the end of 
polymerization (reference 19), appears to be quite 
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simi Lar - 

Gels formed with a low amount of the crosslinker are 
transparent, but it is well known that poly( acrylamide + 
Bis) gels with high Bis concentrations become opaque 
(reference 7). In aery lamide-Bis mixtures it was found 
(reference 3) that the onset of opacity depends not only 
on Bis but also on the total monomer concentration- Thus, 
higher amounts of the crosslinker still produced 
transparent gels when the total monomer concentration was 
increased (reference 3). 

42 different NAT-Bis combinations, were polymerised, 
starting with 4% (T) NAT and 1% (C) Bis, and ending with 
24% (T) NAT and 16% (C) Bis, to check the transparency of 
these gels. The results are shown in Figure 2. 

All gels crosslinked with less than 3% Bis were 
transparent- Two gels of the lower total monomer 
concentration (4% and 8%) containing 4% Bis were still 
transparent, but all other more crosslinked gels became 
turbid. It was not possible to test whether more 
concentrated (above 24%) poly (NAT + Bis) gels could be 
made with more Bis before turning opaque, as found for 
poly(acrylamide + Bis) (reference 3), because the 
saturated solution of NAT at room temperature is 
approximately 24%. Transparency of the two 4% crosslinked 
gels is somewhat unexpected, but two additional 
independent polymerizations gave the same result. 

Electrophoresis Test Results 

Sieving properties of the poly(NAT + Bis) gel were tested 
by preparing a 4% to 24% gradient gel and comparing the 
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migration of. proteins in this and in an a. poly (acrylamide 
+ Bis) gradient gel of the same concentration. 
Electrophoresis in poly ( acrylamide + Bis) gradient gels 
resolves native proteins according to their size 
(references 4, 20) . 

Five proteins of different sizes ( thyroglobulin . (MW 
669,000), ferritin (440,000), catalase (232,000), lactate 
dehydrogenase (140,000), and. bovine serum albumin 
(67,000)) were applied to poly ( acrylamide + Bis) and 
poly (NAT + Bis) gradient gels and run under identical 
conditions for 400-1400 Vh. The crosslinker concentration 
(C) was 2.6% in both 4% and 24% monomer solutions. The 
proteins were run in 0.1 H Tris-HCI buffer, pH 9.0, at 200 
V for various times: 1, 400 Vh; 2, 600 Vh; 3, 800 Vh; 4, 
1000 Vh; 5, 1200 Vh; 6, 1400 Vh. Proteins were stained 
with Coomassie brilliant blue R-250. The results are 
shown in Figures 3 and 4. 

As can be seen, proteins in a poly (acrylamide + Bis) 
gradient gel occupy the upper, and in a poly (NAT + Bis) 
gradient the lower, part of the gel. After 1400 Vh, the 
largest protein (thyroglobulin, MW 690,000) migrated 
little in the poly ( acrylamide + Bis) gel, whereas in the 
poly (NAT + Bis) gel it passed more than one-third of the 
gel length. The smallest protein (bovine serum albumin, 
MW 67,000) had already left the poly(NAT + Bis) gel in the 
time it migrated to less than 3/4 of the poly (acrylamide + 
Bis) gel length. 

Given the similar polymerization kinetics of acrylamide 
and NAT (Fig 1), it was thought it should be possible to 
polymerise a composite gradient gel starting with 4% (T) 
NAT and ending with 24% (T) acrylamide. Such a gradient 
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gel was obtained and the standard proteins were run in the 
gel. The results are shown in Figure 5. In contrast to 
pure poly (acrylamide + Bis) or pure poly(NAT + Bis) 
gradient gels (Figures 3 and 4), the proteins are now 
evenly spaced throughout the whole length o£ the gel. 
The bands are straight and sharp, indicating that there 
were no irregularities during copolymer izat ion of the two 
monomers . 

Several mathematical expressions -could be used to 

correlate molecular weight and migration distance of a 

protein in poly ( acrylamide + Bis) gradient gels (reference 

20). In order to estimate the exclusion limits of the 

gels, used for Figures 3 to 5, log MW was plotted against 

migration distance (after 1200 Vh) of proteins in the 

three gels and straight lines were obtained as shown in 

Figure 6. From the rather good fit, it appears that the 

composite poly(NAT + Bis) -poly (acrylamide + Bis) as well 

as pure poly (NAT + Bis) gradient gels resolve proteins 

according to their size. The exclusion limit, estimated 

by extrapolation to zero migration, of 4-24% poly(NAT + 

6 

Bis) gradient gels is over 3x10 , which is at least 
threefold higher than the exclusion limit of 
poly (acrylamide + Bis) gels of the same concentration 
(Figure 6). Thus, poly(NAT + Bis) gels appear to be 
particularly suitable for resolution of large bio- 
molecules which are normally extensively retarded by the 
much less porous poly ( acrylamide + Bis) gels. 

A typical isoelectric focussing pattern in poly(NAT + Bis) 
gels (6% T, 3% C) of the broad-range standard proteins is 
shown in Figure 7. The anode solution was 0.2 M NaOH, and 
the cathode solution was 1 M H^PO^. The gel contained 2% 
of 3.5-10 ampholines and was run for 2600 Vh, final 
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voltage 2200 V. The pi markers were: 1, trypsinogen (pi 
9-30); 2, lentil lectin basic band (pi 8.65); 3, lentil 
lectin middle band (pi 8.45); 4, lentil lectin acidic band 
(pi 8.15); 5, myoglobin basic band (pi 7.35); 6, myoglobin 
acidic band (pi 6.85); 7, human carbonic anhydrase (pi 
6.55); 8, bovine carbonic anhydrase (pi 5.85); 9, beta- 
lactoglobuliri A (pi 5.20); 10, soybean trypsin inhibitor 
(pi 4.55); 11, . amyloglucosidase (pi 3.50). The standard 
proteins were run in triplicate, and human carbonic 
anhydrase was applied to the two outside lanes. 

The gel was polymerized onto the plastic sheet (Gel Bond), 
and it was found that the introduction of the carrier 
ampholytes after polymerization, as already suggested for 
poly(acrylamide + Bis) gels (reference 21), greatly 
improved the separation. The pH gradient was very much 
dependent on the concentration of electrode solutions (not 
shown), and the diluted anode solution, although probably 
not optimal, gave a much better pH gradient than the 1 
NaOH which is usually used with poly (aery la mide + Bis) 
gels. The focusing for 2000-3000 Vh, at a final voltage 
of 2300 V, did not cause any adverse effects on the new 
matrix. 

Discussion 

Preparation of NAT 

The synthesis and polymerization of NAT and. several other 
similar acrylic monomers were described 20 years ago 
(references 18, 22). The process of the invention as 
described above is a somewhat modified synthetic route, 
primarily because the reaction of Tris and acryloyl 
chloride in acetonitrile (reference 18) was found 
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unsatisfactory for larger scale preparations, due to the 
low solubility of Tris and NAT in this solvent. The 
synthesis may conveniently be started with 0.5 mol of 
Tris, but it should be easily scaled up- NAT has also 
been synthesized by others (reference 23), but the 
description of the synthesis is not present in the- 
original reference cited (24). 

Polymerisation of NAT to make gels 

NAT has been used as a principal monomer for the 
preparation of new, hydrophilic media for chromatography, 
under the trade name Trisacryl (reference 24). The 
functional groups of the ion exchangers were incorporated 
into the gels by copolymerization of the respective 
functional monomers with NAT. The first crosslinker was 
N^'-diallyl tartardiamide (24), but it is not clear 
whether the same crosslinker is still used commercially 
since it was recently stated that Trisacryl is produced by 
copolymerization of NAT and an acrylic crosslinker 
(reference 25). The Trisacryl gels possess some 
advantages over gels based on natural polymers (reference 
24). However, NAT-based polymers, although stable at low 
pH, are expected to be more susceptible to alkaline 
hydrolysis than acrylamide polymers because Tris is better 
than ammonia as a leaving group from the tetrahedral 
intermediate formed after the nucleophilic attack of 
hydroxide ion on the amide carbonyl group. Hydrolysis of 
the amide bonds would produce carboxyl groups on the 
matrix which could in turn influence the separation by 
chromatography or electrophoresis. Since it was not 
possible to detect any adverse effects in the gels run at 
pH 9 (Figures 4 and 5) or in IEF gels where the anode 
solution was 0.2 m NaOH, it seems that this potentially 
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deleterious side reaction has ho importance under the 
conditions usually applied in electrophoretic 
separations. 

The exclusion limit of the Trisacryl ion exchangers is 
7 

over 10 (reference 26), "which makes them an excellent 
matrix for the separation of large molecules- Trisacryl 
beads are not transparent, and thus it is likely that the 
amount of crosslinker used for their preparation was 
rather high. Opaque, highly cross-linked gels are more 
porous than the transparent ones because the polymer 
chains are not evenly distributed throughout the matrix 
but form solid "knots", leaving large pores in the 
remaining matrix (reference 13). Due to the opacity of 
the Trisacryl beads (and possibly another crosslinker), it - 
was difficult to predict anything about porosity of the 
transparent poly(NAT + Bis) gels. By electrophoresis 
(Figures J3 and 4), the higher porosity of poly(NAT + Bis) 
gels with respect to poly ( aery lamide + Bis) has been 
clearly demonstrated, and this seems to be an intrinsic 
property of the new monomer- This property is also 
retained in SDS gels (not shown). 

Highly porous matrices are essential in several 
electrophoretic techniques, and there have been numerous 
efforts to produce them (references 5, 9). In 
poly (aery lamide + Bis) gels the pores increase as the 
concentration of Bis rises above 5% (reference 7). These 
gels could be used in electrophoresis, but they are 
turbid, hydrophobic, and brittle (reference 13), which 
makes handling and visualisation of the bands rather 
difficult. N,N'-Diallyl tartardiamide was introduced as a 
new crosslinker, giving more porous gels when applied at 
high concentration (reference 9). However, its use was 
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strongly discouraged after it was found that this 
crosslinker is in fact an inhibitor of polymerisation, and 
that the gels cros slink ed with it contained very high 
amounts of unpolymer i sed material (reference 19)- Other 
crosslinkers , such as N,N*-(1,2- 
dihydroxyethylene)bisacrylamide, N,N'-bis- 
acrylylcystamine, and ethylene diacrylate, although 
preferable in some respects to Bis (reference 19), do not 
produce gels of higher porosity. Thus, it seems that 
poly (NAT) -Bis gels fulfill the long present need for more 
porous matrices in electrophoresis. 

As discussed above, the first attempts to improve some 
properties of poly(acrylamide + Bis) gels involved 
substituting new cross-linkers for Bis. More pronounced 
effects are obviously obtained by changing the principal 
monomer, as demonstrated by this invention. Besides 
higher porosity, which is regarded as the major advantage, 
poly (NAT + Bis) gels can be dried more—easl-ty— than 
poly (aery lamide + CL) gels. Recently, dried 
poly(acrylamide + CL) gels with immobilised pH gradients 
for isoelectric focusing became commerically available 
(reference 27). Focusing times in the narrow-range 
immobilized pH gradients are rather long, due to the low 
mobility of proteins near their isoelectric points. Any 
sieving exerted by the matrix obviously prolongs the time 
required by a protein to reach its isoelectric point. 
Poly(NAT + Bis) gels sieve less than poly(acry lamide+Bis) 
gels (Figures 3 and 4), and therefore they should be 
advantageous for isoelectric focusing in IPG. Preliminary 
experiments with an immobilised pH gradient (pH 5.8-6.8) 
showed that the matrix was .completely stable in the 
strongest electric field tested, ie, 5000 V over 9-cm 
distance between the electrodes (not shown). Thus, in 
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contrast to other matrices tested (reference 6), poly(NAT 

+ Bis) gels appear promising for isoelectric focussing in 
IPG. 
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CLAIMS 

1. A polymer comprising N-acryloyl- 

tris(hydroxymethyl)aminomethane (NAT) cross linked by a 
cross linker (CL) containing two or more double bonds. 

2. A polymer according to claim I, wherein the cross 
linker is H,H - -methy lene-bi sacrylamide (Bis). 

3. A polymer according to any one of the preceding claims 
and substantially as herein described. 

4* A gel for use in electrophoresis and including a 
polymer according to any one of claims 1 to 3. 

5 . — A-ge-1 --according to claim 4, which includes 4 to 24% 
(T) poly(NAT + CL) . 

6. A gel according to claim 4 or 5, which includes from 1 
, to 5% (C) cross linker. 

7. A gel according to claim 4, 5 or 6, including a 
further gel material mixed therewith. 

8- A gel according to claim 7, wherein the further gel 
material is polyacrylamide and/or agarose. 

9. A gel according to any one of claims 4 to 8, which gel 
has been dried and re-swollen. 

10. A gel according to any one of claims 4 to 9, which gel 
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is fixed to a solid support. 

11. A gel according to claim 10, which gel was prepared in 
situ on the support. 

12. A gel according to any one of claims 4 to 11, in the 
form of a gradient gel. 

13. A gel according to any one of claims 4 to 12 and 
substantially as described herein. 

14. A method of electrophoresis, in which the material to 
be treated is applied to a gel in accordance with any one 
of claims 4 to 13. 

15. A method according to claim 14, which is used for 
resolving native proteins. 

16. A method according to claim 14, which is used for 
resolving proteins under denaturing conditions. 

17. A method according to claim 14, which is used for 
resolving nucleic acids or polynucleotides under non- 
denaturing conditions • 

18. A method according to claim 14, which is used for 
resolving nucleic acids or polynucleotides under 
denaturing condi t ions . 

19. A method according to claim 14, which is used for 
separating molecules having intrinsic charged groups. 

20. A method according to claim 14, which is used for 
separating molecules with charges formed by de r i va t isa t ion 
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of uncharged molecules. 

21. A method according to any one of claims 14 to 20, 
using a homogenous gel with either a continuous or a 
discontinuous buffer system. 

22. A method according to any one of claims 14 to 20, 
using a gradient gel. 

23. A method according to any one of claims 14 to 20, 
performed with discontinuities in time and/or electric 
field. 

24. a method according to any one of claims 14 to 23, for 
resolving material by isoelectric focussing under 
denaturing or non-denaturing conditions. 

25. A method according to claim 24, using a pH gradient 
formed by carrier ampholytes. 

26. A method according to claim 24, using an immobilised 
pH gradient. 

27. a method according to any one of claims 14 to 26 and 
substantially as described herein. 

28. A process for the preparation of a N-acryloyl- 
tris(hydroxymethyl)aminoraethane (NAT) by the reaction of 
acryloyl chloride with tris(hydroxymethyl)aminome thane ./ 
(Tris), in which the reaction is effected in the presence 
of a strong base and in a two phase aqueous organic 
solvent medium to give the desired NAT product in the 
aqueous phase, and this phase is isolated, purified by an 
ion-exchange method using a mixture of strong cat ionic and 
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weak anionic ion exchange resins, and evaporated at 
atmospheric pressure to give, the desired NAT. 

29. A process according to claim 28, in which the strong 
base is an alkali metal hydroxide. 

30. A process according to claim 29, in which the alkali, 
metal hydroxide is potassium hydroxide. 

31. A process according to claim 28, 29 or 30, in which 
the reaction is effected at a pH of from 8 to 9. 

32- A process according to any one of claims 28 to 31, in 
which the reaction is effected at or near 0°C. 

33. A process according to any one of claims 28 to 32, in 
which the reaction is effected in the presence of a 
polymerisation inhibitor. 

34. A process according to claim 33, in which the 
polymerisation inhibitor is sodium nitrite. 

35. A process according to any one of claims 28 to 34, in 
which the aqueous organic two phase medium is an aqueous 
halocarbon. 

36. A process according to claim 35, in which the 
halocarbon is dichloromethane. 

37. A process according to any one of claims 28 to 36, in 
which the isolated aqueous phase, containing the prepared 
NAT, is purified using a mixture of a strong cationic ion- 
exchange resin (IR-120, H + form) and a weak anionic ion- 
exchange resin (LRA-68, free base form). 
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38. A process, according to any one of claims 28 to 37, and 
substantially as described herein. 

39. N-acry loyl-tr is (hydroxymethy 1) ami norae thane. Whenever 
prepared by a process according to any one of claims 28 to 
38. 
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